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NANOSPHERLS COMPRISING A BIOCOMPATIBLE POLYSACCHARIDE 



FIE3.U OF THS INVENTION 
= The present invention relates to: 

- microspheres hfiving a diameter *0 . 1 and < 1 v . comprising a 
biocompatible polysaccharide polymer and optionally at least one 

active ingredient, 

- pharmaceutical compositions containing said microspheres 
10 administrate by orel. nasal, pulmonary, vaginal or rectal route. 

- the use of microspheres having a diameter ranging . from 0.1 to 1 P 
as carriers for the preparation of pharmaceutical compositions for 
human genie therapy, for the preparation of diagnostics and in the 
agroalimentary industry. 

a process for the preparation of microspheres having a dimension 
of between 0.1 and 1 w comprising" the precipitation of said polymer 
induced by means of a supercritical antisolvent (SAS). 

TECHNOLOGICAL, BACKGROUND 

Major advices have recently been made in pharmaceutical technology to 
research new methods for the preservation of the intrinsic activity of 
polypeptides and to render them absorbent. Formulations able to ensure 
a reproducible absorption of these active molecules have the advantage 
of lacking side effects, unlike synthetic polymers. Of all the most 
widely used natural polymers, the category of acidic polysaccharides 
is of particular interest. One of these, hyaluronic acid, a 
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polysaccharide widely distributed throughout animal organises, is 
constituted by units of D-gluc:uronic acid and N-acetyl D-gluco:.- amine 
in alternate order. Its molecular weight can vary according to the 
methods used for its extraction and/or purification (EP 0138572 reg. 
5 on 20. 7. 90; EPA 0535200 published on 7-4-93; PCT Application No. W0 
95/04132 published on 9.2.95; PCT Patent Application No. W0 95/24497 
published on 14.9-95) • 

Besides the polymer's chemical-physical properties, the release 
methods and systems for biologically active molecules are also 

10 particularly important, such as microspheres which seem to be among 
the roost versatile release systems. EPA 05175&5 discloses a process 
for the preparation of microspheres, whose dimensions range between 1- 
100 um, wherein the polysaccharide ester dissolved in an aprotic 
solvent such as DMS0. is added to a mixture of a high-viscosity 

15 mineral oil containing a non ionic surface active agent and ethyl 
acetate, which is a solvent for DMS0 and the mineral oil. but not for 
the polysaccharide ester, which therefore precipitates in the form of,, 
microspheres having therefore the above mentioned dimensions. 
Today, various techniques are known which involve the use of 

20 supercritical fluids for the production of finely subdivided particles 

with a narrow granulome trie distribution curve. The supercritical 
antisolvent process is generally performed at moderate temperatures 
and enables the solvent to be completely removed from the 
precipitation environment. The applications concern substances that 

25 are heat -sens i tive or difficult to handle, such as explosives 
(Gallagher. P. M. et al., 1989. Supercritical Fluid Science and 
Technology - Am. Chem. Soc 334-354). Other applications concern the 
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20 



25 



production of polyers in the for. of fibers (Dixon. D. J. et al. 
1993. J. Appl. Poly,. Sci. 50. 1929-1912) and in the for, of 
.icropartides. including nicro.phe.es (Dixon. D. J..et al . . 1993. 
AIChE J., 39. 1. I-P 127-139). In the pharmaceutical field, the main 
interest is in the treatment of proteins (Tom. J. W.. et al . 1991 . 
Supercritical Fluid Engineering Science, pp 238-257. ACS Sy™ P . Chap. 
19. Ed. H. Kiran and J. F. Brennecke; Yeo, S. D.. et al . 1993- 
Biotech, and Bioeng.. HI. PP 3H-316) and biodegradable pollers, such 
as polyd.-lactic acid) (Randolph. T. W. . et ai. WJ3. 
Prog., 9. 429-435: Yeo, S. D.. et al. 1993. MucvomoleeuUs . 26. 6207- 
6210). Various method, have been devised for precipitation with a 
supercritical antisolvent. The semi-discontinuous .ethod (Gallagher et 
al.. 1989). involves injection of the antisolvent in the liquid 
solution which has already been prepared in the desired working 
conditions. The operation oust be performed in a stepwise fashion to 
ensure that the liquid is removed, the final quantities of product are 
very limited and the spheres measure far more than 1 p in size. 
Precipitation with a comprised antisolvent (PCA) involves injection 
of the solution in the high-density supercritical fluid (SCF) (Dixon 
et al.. 1991: Di*on Johnston. 1993). The injection times are much 
reduced to guarantee complete dissolution of the liquid, so the 
quantity of precipitate is very low. giving microfibers with an 
ordered structure. 

The continuous process (Yeo et al. . 1993a) enables the solution and 
the antisolvent to be injected simultaneously in the precipitation 
environment; the liquid expands and evaporates in the continuous 
Phase, constituted by the SCF. The solution is injected through a 



WO 90129m 



PCT/nvWMM 



- 4 



micrometric nozzle with a diameter ranging between 10 and 30 u. 
Solutions must be diluted to avoid blocking the nozzle and to prevent 
reticulate structures being formed. Consequently, the quantity of 
solid solute injected is very low. Moreover, a high ratio between the 
5 volume of antisolvent and solution must be used to continuously remove 
the liquid (solvent from the precipitation vessel. 

When the solution is placed in the precipitator and the container is 
loaded by means of SCF up to the desired pressure, the process assuit-.es 
a completely discontinuous character (Yeo et al., 1933 a.b) . By this 

10 technique, microspheres with a diameter of over 1 u have been 
obtained. All the methods described here are accompanied by a final 
^washing step to prevent the precipitate being reso ■ utilized by the 
solvent. However, none of the cited techniques has been specifically 
applied to the production of hJ gh-molecular-weigh t biocoopa t ible 

15 polysaccharide poly^rs and in particular the HYAFFs , namely the ester 
of hyaluronic acid, which are obtained by the procedure described in 
US patent 4.851.521. 
SUMMARY OF THE INVENTION 

The Applicant has unexpectedly found that with the discontinuous SAS 
20 technique it is possible to obtain in quantitative yields microspheres 
with a diameter of less than 1 u comprising a polysaccharide 
biocompatible polymer. 

Object of the present invention are therefore microspheres having a 
dimension i 0.1 u and < 1 p comprising a biocompatible polysaccharide 
25 polymer. 

A further object of the present invention are pharmaceutical 
compositions administrable by oral, nasal, pulmonary, vaginal or 
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rectal route, containing said microspheres as vehicllng agents or 
carriers in combination with at least one active ingredient and 
optionally with further conventional excipients. 
A further object of the present invention relates to said 
5 aicro ,-heres further comprising at least one of the following active 
principles: a pharmaceutical^ active polypeptide, a Granulocyte 
Macrofase Colony Stiuulating Factor (OMCSF) . a trophic factor, an 
immunoglobulin, a natural or a synthetic derivative of a ganglioside. 
an antiviral, an antiasthmatic an antiinflammatory agent, an 
10 antibiotic and an antinycotic agent. 

A further object of the present invention relates to pharmaceutical 
expositions ad-ninistrable by oral, nasal, pul-onnry. vaginal or 
rectal route containing the microspheres inglobWing the above 
mentioned active principles, optionally in combination with other 

15 conventional excipients. 

A further object of the present invention relates to the use of 
microspheres having a .di.seter comprised between 0.1 and 1 u as 
carriers in the preparation of diagnostics and in agroali-entary 
industry. Moreover they can be advantageously used as vehicllng agent 

20 or carriers of a gene, for the preparation of pharmaceutical 
compositions for the treatment of diseases associated with genie 
defects. 

A further object of the present invention resides in the discontinuous 
process for the preparation of microspheres having a dimension 
25 comprised between 0.1 and 1 u and comprising the precipitation of 
said polymer induced by means of a supercritical antisolvent (SAS) . 
The process object of the present invention comprises the following 
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seeps: 

a) dissolving the polysaccharide biocompatible polymer in an aprotic 
solvent fit concentrations ranging frota 0.1 to 5% bv weight. 

b) charging the solution of step (a) in a pressure proof container 
5 having at the top and at the base steel filters with an average cut- 
off lower than 0.1 p; 

c) loading from underneath the antisolvent until reaching the 
pressure at which said fluid becoaes supercritical at a temperature 
ranging from 25 to 60°C, 

10 d) removing the aprotic solvent, by flowing said supercritical fluid, 
e) deprtrssorizing the pressure proof container and collecting the 
precipitated product. 

Contra L\Lly to what one could foresee from the above mentioned prior 
art (teaching that, with the SAS discontinuous technique, process 

:5 times are longer than with the continuous one, nucleation occurs in 
the bulk liquid phase where the supercritical antisolvent is dissolved 
and therefore the formation of large particles with broad 
granulometric distribution is expected). surprisingly the expanding 
conditions adopted with the process according to t)o present invention 

20 enable the onset of the nucleation process in a well-expanded media so 
;that the formation of a high number of nucleation centres is achieved. 
This factor, combined with the amorphous nature of the solid solute, 
leads to the formation of aicrospheres whose dimension is comprised 
in the above mentioned range and moreover with a narrow granulometric 

25 distribution curve. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 represents a SEM photograph (Scanning Electron Microscope) of 
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HVAFF-U .iccospheres obtained by following the operati,* conditions 
reported in Example 1. starting fro. a l'VAFF concentration in MO 
equal to i% w/w (bar-l micron): 

Flgur e 2 is a photcr-ph of the sample relative to Fi«. 1 with a 
5 higher magnification (bar-l micron) ; 

Fl , u re 3 represents . SB. * ** -i"-*— 

obtained to t*. conditions of ***** «-« 

fro. . 1IYAFF co»c C n«r.tio„ * »KSO » W W- — ■>»« 

c^r. . ^,™.e»t. . SEM Pho~«r«* of 

hU -U, the operate conditions descried in E«pl. 3. «««■* 
fro. . KYAFF concentration in 0»SO cnnal to 1, w/w (bar-l 
^ 5 represents a SD. photo 8 raph or ACP plO o,.crospheres obt.ir.ed 

by foiio.^ the cper.tin S *«— «• *• s ""' nS 

free an ACP concentration in °»S0 «onl to 1» «/» (bar-l »ieron> ; 
Fi~re 6 represents . « photo 5 r D! ,h °r ■"""^ 
bv following th, operating conditions described in 5 starts 

fro» an ALAFF co,.«ntration in °«S0 eon.! to 1« w/w (bar- 1 .icroo. ; 
DETAILED DESCRIPTION OF THE INVENTION 

me bioco.p.tible polys.cch.rid, poller which is co.prised in the 
20 .spheres accords to the present invention is preferably T. 
ester of . polysaccharide .cid such . hyaluronic .cid ester, selected 
fro. those described in US M».3». «*«•• « * 
reference. . crosslink ester of hyaluronic .cid selected fro. those 
disclosed in EP B. which we incorporate by reference . an 

25 -ster of chitin selected fro. those described in PCT «0 9 3/06l 3 6. which 
we incorporate b, reference . an ester of pectin selected fro. those 
mentioned in PCT V095/1-.129. which we incorporate by reference. an 
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ester of gellan selected fron. those disclosed in US 5.332,809* which 
we incorporate by reference mi ester of acinic acid selected from 
those reported in USPs 5.264 . 422 and 5.336.668. which 
incorporate by reference. Particularly preferred esters are the 
5 total or partial benzyl ester of hyaluronic acid. Among the partial 
ester a particularly preferred ester is the benzyl ester with 755! of 
the carboxy function of hyaluronic acid esterified with benzyl 
alcohol . 

The pharmaceutic*! compositions according- to the present invention 

10 containing said microspheres as vehicling agents or carriers, in 
combination with at least one active agent can optionally be 
"formulated in a controlled release form, in order t.- have the desired 
rate of absorption, with suitable excipients normally used for 
preparing this type of formulations. 

15 Preferred pharaaceutically active polypeptides which can be comprised 
in the microspheres according to the present invention are calcitonin, 
insulin, preferred trophic factors, which can be incorporated in the 
microspheres according to the present invention are the Nerve Growth 
Factor (h-NGF) , the Ciliary Neurono trophic Growth Factor (h-CNTF) . 

20 The pharr-;.- ;eutical compositions containing the above microspheres 
incorporating the above listed active principles, can optionally be 
formulated in controlled release form, in order to have the desired 
rate of absorption, with suitable excipients normally used for 
preparing this type of formulations . 

25 As pointed out above the microspheres having a diameter ranging from 
0.1 to 1 p can be advantageously used as vehicling agents in the 
diagnostic sector. In particular, according to the type of technique 
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t „ „e used for diagnostic analysis, such - X rays. 

t he .lercsphores c.n be leaded »ith p.ra.a^tic agents such as 
.e 5 netite. or *» •«>' b. concave in structure, or. .MM***, 
they .ay oo loaded wit. ncnionic contrast agents, or. l.st.y. ».th 
S radioactive isotopes such as it . 

As a ..«« of fact vchicling of the contract agents by -sans of 
.icrospheres li.ua interaction with the blood, thus reccing t>,e 
onset of the side effects typically caused by contrast agents. 

„ previously pointed out. another important sector in the 
„ .inheres having a dia.eter comprised between 0.1 and 1 p 

according t» the prescn, invention can be .dvant> S eou S ly used is the 

/reparation of phar.aceutical compositions for the treatment of 

diseases associated with genie defects. 

„„ch effort is currently being put into scientific research in this 
„ f-eia to find readies for s .netic-type .alforoations or cetsfoUc 
leases of a genetic origin. »ost of the being done is ai.ed at 

.dentlfying and. preparing whirling syste.s for healthy genetic 
.atrial to be ad.inistered to patients suffering fro, such 
„ 8l for.ations and diseases. One of the possibilities is represented by 
« the encapsulation of healthy genes in .icrosPheres «hich are aole to 
penetrate -ore deeply into the tissues and sustain contact with the 
cell surface, to be treated for longer periodr. of ti.e. It follows 
th .t the adherence of the oncospheres to the cell surfaces enahles 
t he release of genetic .ateri.l transported to the close vicinity of 
„ -he target cells. In particular, the .icrospheres having a die»eter 
-anging fro. 0.1 to 1 P containing the hioco.patible polysaccharide 
00l y„er according to the present Invention represent an ideal 
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transport system for biological material, and in this particular case 
for healthy genes, thanks to their very small dimensions and specific 
mucoadhesiveness. Among the possible applications for said 
microspheres in the treatoent of human diseases associated with genie 
5 defects a preferred one is in their use as vehicling agents of single 
genes which encode specific enzymes, for the treatment of diseases 
caused by a deficit of the saw: enzymes. There are in fact numerous 
diseases wh.;;:h derive from an enzyme deficit or hyperactivity, which 
is caused by defects occurred in the specific gene encoding this 

10 enzyme. 

For example diseases of this type are; . 
*- phenylketonuria, due to a deficit of phenylalanine hydroxylase, 

alkaptonuria, due to a deficit of homogentisic acid oxidase. 

albinism due to a deficit of tyrosinase and many other diseases 
15 involving amino acid metabolism ; 

diseases involving glycogen accumulation, some of which are fatal 

at birth, due to deficit of enzymes such as glucose-6- 

phosphatase. brancher or de-brancher enzymes, and a- lysosomal 

glucosidase enzymes; 
20 - carbohydrate metabolism disorders 

Wilson's disease, involving a defect in cemloplassa. the protein 

which transports copper 

porphyria caused by a deficit in porphobilinogen deaminase, 
uroporphyrinogen oxydase . protoporphyr inogen oxydase 
25 coproporphyrinogen oxydase, 

gout due to hypoxanthine-guanine-phosphoribosyl transferase 
deficiency, or hyperactivity of 5-phosphoribosyl-l -pyrophosphate 
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transferee , 

diseases involving ly.oso.ml accumulation such a, gangliosidosis, 
due to p-galactosidose deficiency. leukodystrophy. Nieaan*- 
Pick's disease due to sphingnmycllnar.e deficiency. Gaucher' s 
disease due to glucosyl-cera.idase deficiency. Fabry's 
disease, due to a-galactosidas* deficiency, mucopolysaccharidosis 



etc. . 



connective tissue disorders (brittle bone syndrom Ehlors-Danlos 

syndroiae, Marfan syndrom). 

10 Beside, their use in enzootic deficit,, the .icro.ph.ro. can be used 
to vehicle single genes in any pathologies wherein such genes are 
altered, such as malfcrmative diseases of genetic origin (Down's 
syndrom, arachnodactyly etc.). hereditary diseases such as: 
. hemoglobinopathies (sickle-cell anae-ia. thalassae-i. etc). 

* - cystic fibrosis, 

. primitive hyperlipoproteinemia and other lipid metabolism 
disorders, wherein single or nultifactorial gene disorders with 
hereditary transmission and complex modalities of different genes. 

► i fetors thus determining 
interact with environmental factors. 

^,-fPorpnt decree of seriousness in 
10 hyperlipoproteinemia having a different oe 6 iee 

different members of the same family. 
. cancer wherein it has been ascertained that genetic alterations 
exist at the level of the differentiation and of the felled 
control of cellular growth. 
,. nnallv «s Points out .oove. the -icrosphe.es havine a Siaaeter of 
rro. 0.1 to 1 p cap be aOvantaseousl, used ih the ^o-aU.ent.ry 
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sector, for example as a vehicle for plant treatments or for the 
preservation cf additives. 

The preferred supercritical, fluid used as antisolvent in the process 
according to the present invention is selected from carbon dioxide 
5 (C0 2 ) and hydrof luorocarbons , such as trif luoroicethsne. 

In this specific case when C0 2 in step (c) it is charged with a 
loading rate or pressure gradient ranging from 3 to 20 bar/win. 
prefer*.' *y 10 bar/tnin. until a pressure is reached in the pressure 
proof container ranging from 80 to 120 bar/min, more preferably 100 
jo bar/Ein. 

Precipitation of the polymer in this step is induced by the 
supercritical antisolvent which, by solubilizing and expanding the 
solution, causes a decrease in the solvent power of. the liquid and 
simultaneous evaporation. The dissolved product, not soluble in the 

15 SCF. separates as a solid. 

The particles in step (d) are washed with the antisolvent to remove 
che liquid completely before the precipitator is depressurized. 
The depressurization in step (e) of the process according to. the 
present invention is preferably carried out by using a pressure 

20 gradient of 5 bar/cin. 

The preferred solvent used in step (a) to dissolve the biocompatible 
polysaccharide polymer is selected from dimethylsulfoxide and N- 
methylpyrrolidone . 

The microspheres according to the present invention further comprising 
25 ac least one of the above mentioned active principles can be prepared 
in two alternative ways. 

The first one encompasses the addition of the active principle in step 
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(., or t t , process ..c„Mi« «. «K. Present <» 

of «. bioc«,«m. ^ ln th= apr0 "" 1C 

solvent. 

Th e , Iti p,«« or «. ««« Prl»cl,l. in «.P U> -* «* 
s b „ti M e poly..cc..ri 4 . poiyaer do. no, alter the for. or 
■orphology of the precipitate. 

Accords to the latter «*. *. .'-spheres fro. stop (.). 

ar „ s U! -,c:,a„ in . tuff.^ P~'"*» « PhOSP, ' ate bUff " 

5olu tio„ contain^ the acsirea active P—ip), » 
,0 in craer to -ain the aesirea -civ. insreaient 

ho^ and the suspension is subjected to 
titer/mg of microsphere, and tne. s ✓ 

liophylization at the liquid nitrogen temperature. 

<n„<5tra<-ive purposes, some examples 
We report hereafter, for purely illustrative Pi. 

^-it-h doIn-bt alone or with polymer 
of how to obtain microspheres made with pol>u_r 

^ vpiiv active substances. Any variations which 
15 containing pharmacologically actn*. suo 

►v,„ fi«irt Are to be considered as 
would be obvious to an expert in the field are 

coding within the scope of the present invention. 

^el. Preparation of .icrospheres wherein the starting poller is 
HYAFF-U (benzyl ester of hyaluronic acid) 

, •, acid ester wherein all the carboxy groups of hyaluronic 

20 A hyaluronic acid ester, 

«M are esteri.iea with oenty. alcohol, is dissolve, in an aprotic 
solvent, such as ai.ethylsuUcia. l«S0). at a concentration valine 
.et-een 0.1 ana 5 , in w**.. orally « -/-• One. the poiy- - 
„loOili«ea. the solution is povrea into . pressure-proor container 
25 precipitator, cher.ost.tic.lly control^ with . -.tea ethylene 

-nan 0.1 . are screwed onto the base and top of the precipitator. 
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The liquid is unable to serp through by gravity alone. 
Once the container is closed, it is loaded from underneath with 
hyperpure carbon dioxide (C0 2 ) until the working pressure is reached 
(80-120 bar. preferably 100 bar). The C0 2 is dispersed in the solution 
5 through the filter. Tnis antisolvent. which is fir: r. gaseous and then 
supercritical, can be nixed perfectly with the liquid solvent (DMSO) 
but it. is a nonsolvent for the polymer. 

The loading rate, or the pressure gradient over time, is set in a 
range of 3-20 bar/Din. preferably 10 bar/min. The teaperature in the 
10 precipitator is kept constant in a range of between 25°C and 60*C, 
preferably ^0 *C. 

When the working pressure has been reached, the flow of C0 2 is 
switched off for 10 minutes to obtain the desired pressure and 
temperature conditions inside the- precipitator. The washing operation 
15 is begun by supplying antisolvent to the precipitator and regulating 
the outlet flow from the top of the precipitator by means of a 
millimetric valve. 

The outlet fluid, constituted by antisolvent and DMSO, is directed 
towards the DMSO collector, which is kept at room pressure; the DMSO 

20 separates after expansion and consequent cooling, while the gaseous 
C0 2 comes out of the top of the container and is released into the 
atmosphere. The solid particles, on the other hand, are trapped by the 
porous filters at the top and base of the precipitator. 
The operation is continued to allow the DMSO to be completely removed 

25 from the precipitator. The time it takes for the organic solvent to be 
removed by the supercritical antisolvent depends on the temperature in 
the precipitation chamber, when fixed amount of liquid solution an 
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antisolvent flow race are set up. 

At the end of washing, the ,u,.,ly of CO, is cut off ^ t„c container 
ia ocpressurized at a rate of 5 b.r/.U, The container is opened, the 

• -in suitable containers where 

microspheres are collected and placed m suitable 

5 they are stored at «.'C. The yield of .ic^res is almost total. 
There is no appreciable incorporation of solvent in the precipitate. 
The DMSO is collected in the expansion container, 
me *ean particle size in these working conditions is 0.6 u (Fig. 

1Q ^2: Preparation of microspheres wherein the starting pol^r is 
HYAFF-1 1 P 75 (Partial benzy! ester of hyaluronic acid) 
, 'hyaluronic acid ester, wherein 75* of the c.rboiy .roup, of 
hyaluronic acid are esterified with benzyl alcohol, while the 
gaining part is salifiea with sodiu*. is dissolved in an aprot.c 
solvent such as di.ethyl.ulfoxide (DMSO) . at a concentration varying 
between 0.1 and 5% in wei E '-t. generally 1$ «/w. Once the poller has 
reached solubilization, the solution is poured into a pressure-proof 
container (precipitator), thermostatically controlled by a heated 
ethylene glycol jacket. Porous steel filter, with a cut-off of 0.1 
20 p ere screwed onto the top and base of the precipitator. The 
liquid is unable to seep through by gravity alone. 

Once the vessel is closed, it is loaded fro. underneath with hyperoure 
carb on dioxide (C0 2 , until the working pressure is reached (80-120 

™ w > two rn is distributed in the solution 
bar. preferably 100 bar). The C0 2 is aisir 

2 5 through the porous filter. This antisolvent. which is first gaseous 
^ then supercritical, can be *i*cd perfectly with the liquid solvent 
(DMSO) but it is a nonsolvem for the polyner. 
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The loading rate, or the pressure gradient over titue, is se*„ in a 
range of 3-20 bar/'min, preferably 10 bar/tain. The temperature in the 
precipitator is kept const ait t in a ranee of between 25*C and 60°C. 
preferably ilO # C. 

5 When the working pressure has been reached, the flow of C0 2 is 
switched off for 10 minutes to obtain the desired pressure and 
temperature conditions inside the precipitator. The washing operation 
is begun by supplying antisolvent to the precipitator and regulating 
the outlet flow frou the cop of the precipitator by means of a 

10 milliractric valve. 

The outlet fluirt. constituted by antisolvent and DMSO, is directed 
towards the Di-sSO collector, which is kept at room pressure; the DMSO 
separates after expansion and consequent cooling, while the gaseous 
C0 2 comes out of the top of the vessel and is dispersed in the 

15 atmosphere. The solid particles, on the other hand, are trapped by the 
porous filters at the top and bottom of the precipitator. 
The operation is continued to allow the DMSO to be completely removed 
from the precipitator. The time it takes for the organic solvent to be 
removed by the supercritical antisolvent depends on the temperature in 

20 the precipitation chamber, when fixed amount of liquid solution r..-d 
antisolvent flow rate are set up. 

At the end of washing, the supply of C0 2 is cut off and the vessel is 
depressurized at a rate of 5 bar/min. The vessel is opened, the 
microspheres are collected and placed in suitable containers where 
25 they are stored at The yield of microspheres is almost total. 

There is no appreciable incorporation of solvent in the precipitate. 
The DMSO is collected in the expansion container. 
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The .ean particle size in these working conditions is 0.8 u (Fig. 

Preparation of .icrospheres wherein the starting polycr is 
HYAFF-7 (ethyl ester of hyaluronic acid) 

A neuronic acid ester, wherein all the carboxy groups of hyaluronic 
acid are esterified with ethyl alcohol, is dissolved in an aprotic 
solvent such as dluethylsulfoxid. (OHSO) . at a concentration varying 
between 0.1 and 5* in weight, generally 1* WW. Once the poller has 
reached solubilization, the solution is poured into a pressure-proof 
,0 vessel (precipitator,, theraostatically controlled by a heated 
ethylene glycol JaCc.t. Porous steel filters with a cut-off of 0.1 
; are screwed onto the top and botto- of the precipitator. The Ixquxd 
is unable to seep through by gravity alone. 

One, the vessel is closed, it is loaded fro, underneath with hyperpure 
,5 carbon dioxide (C0 2 ) until the working pressure is reached (80-120 
bar . preferably 100 bar). The CO, is distributed in the solution 
through the porous base. This antisolvent, which is first gaseous an, 
th en supercritical, can- be aixed perfectly with the U,uid solvent 

(DHS0) but it is a ti«*. is set in a 

20 The loading rate, or the pressure, grauo. 

r an B e of 3-20 b„r/.i». preferably 10 b.r/.il. The te.perstore in the 
precipitator is W constant i„ a ran E e of between »'C and »-C. 

preferably 40'C. 

„ h en the pressure has been reached, the fiow of C0 2 is 

„ switched off for .0 .inutcs to obtain the desired pressure end 
te „perature conditions inside the precipitator. The washing operation 
i. begun by suppiyin 5 antisolvent to the precipitator and reeulatin* 
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the outlet flow from the top of the precipitator by means of a 
millimetric valve. 

The outlet fluid, constituted by antisolver.t find DMSO. is directed 
towards the DMSO collector, which is kept at room pressure; the DMSO 

5 separates after expansion and consequent cooling , while the gaseous 
C0 2 coons out of the top of the vessel and is released into the 
atmosphere. The solid particles, on the other hand, are trapped by the 
porous filters at the top and base of the precipitator. 
The operation is continued to allow the DMSO to be completely removed 

10 from the precipitator, The time it takes for the organic solvent to be 
removed by the supercritical antisolvent depends on the temperature in 
the precipitation chaxber, when fixed amount of liquid solution and 
antisolvent flow rate are set up. 

At the end of washing, the supply of C0 2 is cut off and the vessel is 
15 depressurized at a rate of 5 bar/uin. The vessel is opened, the 

microspheres are collected and placed in suitable containers where 

they are stored at H'C. The yield of microspheres is almost total. 

There is no appreciable incorporation of solvent in the precipitate. 

The DMSO is collected in the expansion container. 
20 The mean particle size in these working conditions is 1.0 u (Fig. 

4). 

Exae ple I* : Preparation of microspheres wherein the starting polymer is 
a crosslinked polysaccharide of hyaluronic acid (ACP) 
A hyaluronic acid derivative, wherein 10% of the carboxy groups of 
25 hyaluronic acid are bound with inter- or intramolecular hydroxy groups 
and the retaining part is salified with sodium, is dissolved in an 
aprotic solvent such as dimethylsulf oxide (DMSO). at a concentration 
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15 



20 



ap 



, ary i„ e be««« 0.1 «■ » i. ««>'• — " ™ Pr ° C " IUre 

0.6 \i (Fig. 5) - 

r .^^cnh^ppe- wherein the starting polymer is 
E.xo!SL»l^_5 : Preparation of nacrosphfiie- ^icr.in 

aii ester of alginic acid ( ALAFF) 

A derivative of alginic acid, wherein all the carboxy groups of 
alginic acid are esterified with benzyl alcohol, is delved in an 
, r0t ic solvent, such as di»othylsulfoxide (USO). at a concentration 
ary in E between 0.1 end 5% in weight, generally 1* w/w. The procedure 
described in Ex»pl. 1 is then performed. The .can particle size is 

0 ^Ll- Preparation of microsphere, wherein. the starting poller is 

an ester of pectinic acid 

A derivative of pectinic acid, wherein all the carboxy groups are 
esterified with benzyl alcohol, is dissolved in an orotic solvent, 
such as diaethylsulfoxide (DHSO). at a concentration varying between 

n . u./w Thp oroc^dure described in 
0.1 and 5% in weight, generally U v./*- The proc< uu 

Example 1 is then performed. 
The mean particle size is 0.7 P* 

Ex-ple 7 : Preparation of microspheres wherein the starting poller is 
HYAFF-U (benzyl ester of hyaluronic acid) and which are loaded with 
calcitonin 

A hyaluronic acid ester, wherein all the carboxy groups of hyaluronic 
acid are esterified with benzyl alcohol, is dissolved in an aprotic 
25 solvent such as dia.thylsulf oxide (DMS0). at a concentration varying 
between 0.1* and 5% in weight, generally 1* w/w. Once the poller has 
reached solubilization, the calcitonin is added to the polymeric 
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solution at the set concentration, eg 1.5 I.U. per mg of polymer. 
The solution thus obtained is poured into a pressure-proof vessel 
(precipitator), thermostatically controlled by a heated ethylene 
glycol jacket. Porov-s steel filters with a cut-off of 0.1 u are 
5 screwed onto the top c: d base of the precipitator. The liquid is 
unaMe to seep through by gravity alone. 

Once the vessel is closed, it is loaded froia underneatt: with hyperpure 
carbon dioxide {CO^) until the working pressure is reached (80-120 
bar, preferably 100 bar). The C0 2 is distributed in the solution 
10 through the porous base. This antisolvent. which is first gaseous and 
then supercritical, can be cixed perfectly with the liquid solvent 
(DMSO) but it is a nonsolvent for the polymer and the polypeptide 
calcitonin. 

The loading rate, or the pressure gradient over time, is set in a 
15 range of 3-20 bar/min. preferably 10 bar/sin. The temperature in the 
precipitator is kept constant in a range of between 25*C and 60*C. 
preferably 40°C. 

When the working pressure has been reached, the flow of C0 2 "is 
switched off for 10 oinutes to obtain the desired pressure and 
20 temperature conditions inside the precipitator. The washing operation 
. is begun by supplying antisolvent to the precipitator .and regulating 
the outlet flow from the top of the precipitator by means of a 
millimetric valve. 

The outlet fluid, constituted by antisolvent and DMSO, is directed 
25 towards the DMSO collector, which is kept at room pressure; the DMSO 
sepa/ates after expansion and consequent cooling, while the gaseous 
C0> comes out of the top of the vessel and is released into the 
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porous f il ters at the top and Ms. of the precipitator. 
^ operation is co»«.»* «o .«ow the »S0 to he completely 
f ro» the precipitator. The ti-e it te.es for the organic solvent to * 
5 re .oved * the supercritical ant.solve.t depends on the te.per.ture in 

s-nhcr when flvrd amount of liquid solution and 
the precipitation chawbei . wnen n>-" 

antisolvent flow rate are set up. 

i ~r rn cut off and the vessel is 
At the end of washing, the supply of C0 2 i- cut on a 

aepr^sur- 1 at a rate of 5 b«/.i». The vessel is opened, the 
10 Hcrospneres are collected and Placed in suitable container, where 
they are stored at ^C. Tne yield of microspheres is almost total. 
P*™ is no appreciable incorporation of solvent in the precipitate. 
The DMSO is collected in the expansion container. 

mea n particle size in these working conditions is 0. 5 p. The 
15 quantity of incorporated calcitonin is 1.3 I ; U. Per of 
microspheres . 

g^B, Preparation or -icrosphcres where.n the starts POLyer is 

HVAFF-n P75 (b««l -er ^ " MCh "* l08ded 

with calcitonin 

J0 a hyaluronic ..id ester, -herein 75* of the c.rboxy sroups of 
hyaluronic acid are esterified with h .„yl alcohol. «hile the 
re.ainin, part is salified «»h sodiu.. is dissolved in an aprotic 
solvent such as di.etnylsulfo.id. (MO), at a concentration varying 
hetwecn C.l and » in «ei 5 ht. generally » »/- 0*. the polyer has 

25 reached solubilization, calcitonin is added to the polyeric solution 
at a set concentration. e 8 1.0 I.U. per «g of polyer. 
Tto solution thus obtained is poured into a pressure-proof vessel 
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(precipitator), thermostatically controlled by a heated ethylene 
glycol jacket. Porous steel filters with a cut-off of 0.1 v> are 
screwed onto the top and base of the precipitator. The liquid is 
unable to seep through by gravity alone. 

5 Once the vessel is closed, it is loaded from undernc-:-/:h with hyperpure 
carbon dioxide (C0 2 ) until the working pressure is reached (80-120 
bar. preferably 100 bar). The C0 2 is distributed in the solution 
through the porous filter. Thin antisolvent. which is first gaseous 
and then supercritical, can be nixed perfectly with the liquid solvere 

10 (DMS0) but it is a nonsolvent for the polyusr and the polypeptide 
calcitonin. 

The loading rate, or the pressure gradient over tirce, is set in a 
range of 3-20 bar/sain, preferably 10 bar/min. Tne temperature in the 
precipitator is kept constant in a range of between 25°C and 60'C. 

15 preferably *40'C. 

When the working pressure has been reached, the flow of C0 2 is 
switched off for 10 minutes to obtain the desired pressure and 
temperature conditions inside the precipitator. The washing operation 
is begun by 'supplying antisolvent to the precipitator and regulating 

20 the outlet flow from the top of the precipitator by means of a 
millimetric valve. 

The outlet fluid, constituted by antisolvent and DMS0 ( is directed 
towards the DMS0 collector, which is kept at room pressure; the DMS0 
separates after expansion and consequent cooling, while the gaseous 
25 C0 2 comes out of the top of the vessel and is released into the 
atmosphere. The solid particles, on the other hand, are trapped by the 
porous filters at the top and base of the precipitator. 
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The operation is continued to allow the DKSO to be completely removed 
from the precipitator. The tine it takes for the organic solvent to be 
removed by the supercritical antisolvent depends on the temperature in 
the precipitation chamber, when fixed amount of liquid solution and 

5 antisolvent flow rate are set up. 

At the end of washing, the supply of C0 2 is cut off and the vessel is 
depressurized at a rate of 5 bar/tain. The vessel is opened, the 
microspheres arc collected and placed in suitable containers where 
they are stored at t*C. The yield of microspheres is almost tot^ . 

10 There is no appreciable incorporation of solvent in the precipitate. 
Tne DM30 is collected in the expansion container. 
The mean particle size in these working conditions is 0.8 p. The 
quantity of incorporated calcitonin is 0.9 I-U- P«r m E of 
microspheres . 

15 Example^: Preparation of microspheres wherein the starting polymer is 
HY AFF _ 7 (ethyl ester) of hyaluronic acid, and which are loaded with 
calcitonin 

A hyaluronic acid ester, wherein all the carboxy groups of hyaluronic 
acid are esterified with ethyl alcohol, is • solved in an aprotic 

20 solvent such as dioethylsulfoxide (DMS0) . at a concentration varying 
between 0.1 and 5? in weight, generally 1* w/w. Once the polymer has 
reached solubilization, calcitonin is added to the polymeric solution 
at a set concentration, eg 15 I-U. per mg or polymer. 
The solution thus obtained is poured into a pressure-proof vessel 

25 .precipitator), thermostatically controlled by a heated ethylene 
glycol jacket. Porous steel filters with a cut-off of 0.1 u are 
screwed onto the top and base of the precipitator. The liquid is 
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unable to seep through by £r;ivity alone. 

Once the vessel is closed, it is loaded from underneath with hyperpure 
carbon dioxide (C0 2 ) until the working pressure is reached (80-120 
bar. preferably 100 bar). The C0 2 is distributed in the solution 
5 through the porous base. This antisolvent. which is first fc-jsecus arid 
then supercritical, can be mixed perfectly with the liquid solvent 
(DM30) but it is a nonsolvent for the polynar and the polypeptide 
calcitonin . 

The loading rate, or the pressure gradient over time, is set in a 
10 range of 3-20 bar/Din. preferably 10 bar/min. The temperature in the 
precipitator is kept constant in a range of between 25°C and 60 6 C. 
preferably 40°C. 

it 

When the working pressure has been reached, the . flow of C0 2 is 
switched off for 10 minutes to obtain the desired pressure and 
15 temperature conditions inside the precipitator. The washing operation 
is begun by supplying antisolvent to the precipitator and regulating 
the outlet flow from the top of the precipitator by means of a 
millimc-M;ric valve. 

The outlet fluid, constituted by antisolvent and DM50. is directed 
20 towards the DMS0 collector, which is kept at room pressure; the DMS0 
separates after expansion and consequent cooling, while the gaseous 
C0 2 comes out of the top of the vessel and is released into the 
atmosphere. The solid particles, on the other hand, are trapped by the 
porous filters at the top and bottom of the precipitator. 
25 The operation is continued to allow the DMS0 to be completely removed 
from the precipitator. The time it takes for the organic solvent to be 
removed by the supercritical antisolvent depends on the temperature in 
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the p,cci P lf tioa charter, when fixed aaount of liquid solution and 

anti-solvent flow rate are set up. 

At the end of washing the supply of C0 2 is cut off and the vessel is 
depressurized at a rate of 5 bar/.in. The vessel, i. opened, the 
5 microspheres are collected and placed in suitable container, wh„e 
they arc si -3 at U'C. The yield of microspheres is almost total. 
There is no appreciable incorporation of solvent in the precipitate. 
The PMSO is collected in the expansion container. 
The mean particle size in these working conditions is 1.0 u. The 
10 quantity of incorporated calcitonin is 13 l.U. Per .* of 

ExfiBRle.JLQ: Preparation of microspher. wherein the starting 
j.oly.er is HYAFF-11 (benzyl ester of hyaluronic acid) , and which 
contain GMCSF (granulocyte macrophage colony stimulating factor). 
A hyaluronic acid ester, wherein all the carboxy groups of hyaluronic 
,5 acid are esterified with benzyl alcohol, is dissolved in an aprotlc 
solvent such as di-ethylsulfoxide (DMSO). at a concentration which 
varies between 0.1 and 5 S i" ^erally IX w/w. Once the 

poller has reached solubilization. GMCSF is added to the polymer 
solution at a set concentration, eg 1% of the poller mass. 
20 The solution thus obtained is poured into a pressure-proof vessel 
•(precipitator), thermostatically controlled by a heated ethylene 
glycol jacket. Porous steel filters with a cut-off of 0.1 » are 
screwed onto the top and base of the precipitator. The liquid is 
unable to seep through by gravity alone. 
25 Once the vessel is closed, it is loaded from underneath with hyprpure 
carbon dioxide (C0 2 ) until the working pressure is reached (80-120 
bar. preferably 100 bar). The C0 2 is distributed in the solution 
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through the porous base. This antisolvent. which is first E cseous and 
the,-, supercritical, can be nixed perfectly with the liquid solvent 
(DMSO) but it is a nonsolvent for the polymer and the polypeptide 
GMCSF. 

5 The loading rate, or the pressure gradient over time, is set ir. a 
rouge of 3-20 bar/Din. preferably 10 bar/min. The temperature in the 
precipitator is kept constant in a range of between 25°C and GCC. 
preferably 40* C 

When the working pressure has been reached, the flow of C0 2 is 
10 switched off for 10 minutes to obtain the desired pressure and 
temperature conditions inside the precipitator. The washing operation 
is begun by supply* antisolvent to the precipitator sr.d regulating 
the outlet flow from the top of the precipitator by means or a 
milliEetric valve. 

15 The outlet fluid, constituted by antisolvent and DKS0. is directed 

towards the DMSO collector, which is kept at room pressure; the DMSO 
separates after expansion and consequent cooling, while the gaseous 
C0 2 comes out of the top of the vessel and is released into the 
atmosphere. The solid particles, on the other hand, are trapped by the 

20 porous filters at the top and base of the precipitator. 

. The operation is continued to allow the DMSO to be completely removed 
from the precipitator. The time it takes for the org^.ic solvent to be 
removed by the supercritical antisolvent depends on the temperature in 
the precipitation chancer, when fixed amount of liquid and antisolvent 

25 flow rate are set up. 

At the end of washing, the supply of C0 2 is cut off and the vessel is 
depressurized at a rate of 5 bar/min. The vessel is opened, the 
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tl , ey „. store, « .-C. *. *U - -«-»— " 8l "° St Mt01 ' 

. ~r cnlvert in the precipitate. 
There is no appreciable incorporation of solvent 

The DHSO ia collected in the expansion container. 

5 T»e *ean particle size in these wording conditions is 0.5 y. The 

entity of incorporated CMCSP i. 9 k. PT « or B i,rc,pherc,, 

^ U: Preparation of microspores wherein the startin S 

poller is HVAFF-11 p75 (ben.yl ester of hyaluronic -id) • 

t ,. n Kc^ colony stimulating; 

and which contain GMCSF (granulocyte c^iopb^ V 

10 factor) 

, D _, lin 7c* 0 r the carboxy groups or 

^ hyaluronic flcio e-wCL, 

, • »cid are .sterlfied with benzyl alcohol while the remaining 

hyaluronic acid are esaiu^ 

„ a^^f^ (MO). •« - -oration v^in g 0.1 

of the oolymcr mass, 
concentration, eg 2* o: tne 

me soluti o„ t„ U s *«.!»«. p— in- a p re ss u «-proof -ssei 

8lycol 3 ac ke t. Po„„ S m..« -if » «<-" ° f 01 " 

v. . .r-' has- of the precipitator. The liquid is 
screwed onto the top am. bast ox tn- v 

unable to seep through by gravity alone. 

\ • nosed it is loaded from underneath with hyperpure 
Once the vessel is closed, it is ±o« 

„„. prefab,, .00 b .„. The C0 2 is oistri^d in tKe so! U tic„ 

rhi* antisolvent. which is first gaseous and 
through the porous base. This antisoivenc. 

■ttcl can be mixed perfectly with the liquid solvent 

then supercritical, can 
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(DMSO) but it is a nonsolvent for the poller arid the polypeptide 
GMCSF. 

The loading rate, or the pressure gradient over time, is set in a 
rane-r of 3-20 bar/min. preferably 10 bar/min. The temperature in the 
5 precipitator is kept constant in a range of between 25'C arvl 60'C. 
preferably 40 f C. 

When the working pressure has been reached, the flow of C0 2 is 
switched off for 10 minutes to obtain the desired pressure and 
tempo: ure conditions inside the precipitator. Tne washing operation 
10 is begun by supplying antisolvent to the precipitator and reflating 
the outlet flow from the top of the precipitator by means of a 

millinsetrie valve, 
if 

The outlet fluid, constituted by antisolvent and DM50, is directed 
towards the DMSO collector, which is kept at room pressure; the DMSO 

15 separates after expansion and consequent cooling, while the gaseous 
C0 2 comes out of the top of the vessel and . is released into the 
atmosphere. The solid particles, on the other hand, are trapped by the 
porous filters at the top and base of the precipitator. 
The operation is continued to allow the DMSO to be completely removed 

20 from the precipitator. The tine it takes for the organic solvent to be 
removed by the supercritical antisolvent depends on the temperature in 
the precipitation chamber, when fixed amount of liquid solution and 
antisolvent flow rate are set up. 

At the end of washing, the supply of C0 2 is cut off and the vessel is 
25 depressurized at a rate of 5 bar/min. The vessel is opened, the 
microspheres are collected and placed in suitable containers where 
they are stored at U"C. The yield of microspheres is almost total. 
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- riaM . <n~orporati.on of solvent in the precipitate. 
There ir, no appreciable -n-orpoi 

The DHSO is collected in the expansion container. 

-Mp siz* in these working conditions is 0.8 u- The 
The mean particle size in mc. 

qu ,ntity of incot—.* «W » " « <~ ° S ° f ■ le " W ** rW - 
» SaSi'-l': Pr.p.r.«l« of .icrospheres therein the starting 
poller is KYMT-7 Lthyl e«"r of hy.luror.ic acid) . «"> 
w h ic h «. ^ca .««. C,,CSF ,««»>-,«. st«,ul,tln s 

factor) 

A hyaluronic acid -star, .-rein ,11 the csrboxy of hyaluronic 

rj aci a are esterifiod U * » *~ " 

solvent such as M******* <»<»>• « * 

. ^ 0.1 5S in weight, generally U W*. »nce the po>y»er has 

,. „• rvcsF is added to the polymeric solution at a 
reached solubilization. GM3F is aoa 

set concentration, eg 0.1J of t... poller wi. 
„ The solution thus obtained is poured into a pressure-proof vessel, 
.precipitator,, ther.os-.atically controlled h y a heated ethylene 
gly col t «*t. Porous steei filters »ith a cut-off of O.i u are 
sere.ed onto the top and base of the precipitator. M »<.uid is 
unable to seep through by gravity alone. 
„ once the vessel is closed, it is io.ded fro, underneath with hyperpure 
carbon dioxide <C0 2 , until the .or.ing pressure is reached (80-l» 
bar. generally 100 bar,. The C0 2 is distributed in the solution 
through the porous base. This antisolvent. vhich is first gaseous and 

.-critical can be .Ued perfectly »ith the liouid solvent 

then supercritical , c&n 

, r*r* the oolvioer and the polypeptide 
25 (DMS0) but it is a nonsolvent for the polyme 

GMCSF. 

The loading rate, or the pressure gradient over «.e. is set in a 
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range of 3-20 bar/min. preferably 10 bar/rain. The temperature in the 
precipitator is kept constant in a ran^e of between zyQ and 6CTC. 
prererab.lv 'I0*C. 

When the working pressure has been reached, the Tlow of CO^ is 
5 switched off for 10 minutes to obtain the desired pressure and 
temperature conditions -nsidc the precipitator. The washing operation 
is begun by supplying antisolvent to the precipitator and regulating 
the outlet flow from the top of the precipitator by means of a 
millimetric valve. 

10 The outlet fluid, constituted by antisc3vent and DMS0 . is directed 

towards the DMS0 collector, which is kept at room pressure; the DMS0 
M separates after expansion and consequent cooling, while the gaseous 
C0 2 comes out of the top of the vessel and is released into the 
atmosphere. The solid particles, on the other hand, are trapped by the 

15 porous filters at the top and bottom of the precipitator. 

The operation is continued to allow the DMS0 to be completely removed 
from the precipitator. The time it takes for the organic solvent to be 
removed by the supercritical antisolvent depends on the temperature in 
the precipitation chamber, when fixed amount of liquid solution and 

20 antisolvent flow rate are set up. 

At the end of washing, the supply of C0 2 is cut off and the vessel is 
depressurized at a rate of 5 bar/min. The vessel is opened, the 
microspheres are collected and placed in suitable containers where 
they are stored at TC. The yield of microspheres is almost total. 
25 There is no appreciable incorporation of solvent in the precipitate. 
The DMS0 is collected in the expansion container. 
The mean particle size in these working conditions is 1.0 u. The 
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„.„■«, of ^orpo^ea «TSF U 0., * P« U -cro*«r... 

loaded with human insulin 

. P „„ whe-ein all the carboxy group* of hyaluronic 

5 A hyaluronic acid ester, une.em 

t „irf.hol is dissolved in an aprotic 
acid are esterified with benzyl alcohol. 

mk'Ci-u nf a concentration varying 
solvent such as dl-ethylsulfoxxde IW.S0) . «t 

.,r.nv IX w/w. Once the polymer has 
between 0.1 and 5% ^ weight, general* IX w/w 

i<: added to the polymeric, 
reached st ,lub.UUa««" • >">"» " 

,<, Sol u ti on .« . co„co:~ .« 5 I* P« « " »*»~ 

■ n-. rnntfolled bv a heated ethylene 
-(precipitator), thermostatically controlled . 

screwed onto the top - « of the precipitator. The liquid is 
15 unable to seep through by gravity alone. 

, i, cU»H it is loaded fro. underneath with hyperpure 
Once the vessel is clostJ. 

„ fCO ) until the working pressure is reached (80 120 

carbon dioxide (C0 2 ) until 

, Tk rr> is distributed in the solution 
bar. preferably 100 bar). The C0 2 is distrio 

k ' This antisolvent. Which is first gaseous and 
through the porous base. This antisoi 

■ , rnn b- mixed perfectly with the liquid solvent 
20 then supercritical, can be mixea p 

, onf for the polymer and the polypeptide 
. (DMS0) but it is a nonsolvent for the P o y 



human insulin. 

range of 3-ao * « <"""- TOe — -"J 8 

* a ran E » of between 25'C and 60 C. 
. , >ofn . i S kept constant m a rang- 
es precipitator is «h i 

preferably **0"C. 
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switched off for 10 minuies to obtain the desired pressure and 
temperature conditions inside the precipitator. The washing operation 
is begun by supplying antisolvent to the precipitator and regulating 
the outlet flow from the top of the precipitator by means of a 

5 millinetric valve. 

The outlet fluid, constituted by antisolvent and DMSO. is directed 
towards the DMSO collector, which is kept at room pressure-; the DMSO 
separates after expansion and consequent cooling, while the gaseous 
C0 2 cooes out of the top of the vessel and is -leased into the 
30 atmosphere. The solid particles, on the other hand, ar-. trapped by the 
porous filters at the top and bottom of the precipitator. 
The operation is continued to allow the DMSO to be completely removed 
from the precipitator. The tin* it takes for the organic solvent to be 
removed by the supercritical antisolvent depends on the temperature in 

16 the precipitation chamber, when fixed amount of liquid solution and. 
antisolvent flow rate are set up. 

At the end of washing, the supply of C0 2 is cut off and the vessel is 
depressurized at a rate of 5 bar/oin. The vessel is opened, .the 
microspheres are collected and placed in suitable container where 
20 they are stored at TC. The yield of microspheres is almost total. 
There is no appreciable incorporation of solvent in the precipitate. 
The DMSO is collected in the expansion container. 
The mean particle size in these working conditions is 0.8 p. The 
quantity of incorporated insulin is 5 I.U. P*r mg of microspheres. 
25 Example 14 : Surface loading of microspheres of HYAFF-11 (benzyl ester 
of hyaluronic acid) with calcitonin by lyophilizatlon 
Microspheres prepared according to Example 1 are suspended in a 
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solution of 0.01M phosphate buffer, containing; calcitonin in a 
concentration which ,lv. a protein titer of 1 I.U. per »g of 
suspended Microsphere,. After 15 lutes' .h.Wng with a se.iauto.utic 
device, the container is i-.ers.d in liquid nitrogen until the 
5 suspension is completely fro/.en. 

Once frozen, the container is lyophilized for 2U hour,, after which 
the lyophilized product is stored at »*'C. 

The .ean particle size in these working conditions is 0.1 U- The 
quantity of incorporated calcitonin is 1 I.U. Per «g of .icro.phnre.. 
10 gxa.ole 13: Surface loading of microspheres of HYAFF-11 P75 (benzyl 
ester of hyaluronic acid) with calcitonin by lyophilization 
Microspheres prepared according to Exaaple 2 are suspended in a 
solution of 0.01M phosphate buffer, containing calcitonin in a 
concentration which gives a protein titer of 1. 5 I.U. per * S of 
15 suspended «icro.ph«e.. After 15 -inute.' stirring with a. 
se.iauto.atic device, che container is i^ersed in liquid nitrogen 
until the suspension is completely frozen. 

Once frozen, the container is lyophilized for 2. hours, after which 
the lyophilized product is stored at TC. 
2 0 The .e«n particle size in these working condition, is 0.6 p. The 

quantity of incorporate,! calcitonin is 1.5 I.U. Per -g of 

microspheres . 
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CLAIMS 

1 1. Microspheres having a diameter * 0,1 and < 1 u comprising a 

2 biocompatible polysaccharide polyuer. 

1 2. The microspheres according to claim 1 wherein said biocompatible 

2 polysaccharide polymer is an ester of an acidic polysaccharide 

3 selected from the group consisting of hyaluronic acid esters. 
d crosslinked esters of hyaluronic acid, esters of chitin. esters of 
5 pectin, the esters of gel.Un. the esters of alginic acid. 

1 3. The microspheres according to clain 2 wherein said esters are the 

2 ethyl or benzyl ester of said acidic pol i saccharide . 

1 4. The microspheres according to one of claims 1-3 comprising the 

2 partial or total benzyl ester of hyaluronic acid. 

1 5. The microspheres according to one of claims 1-4 further 

2 comprising at least one active principle selected from the group 
1 consisting of: a pharmaceutical^ active polypeptide, a Granulocyte 
* Macrophage Colony Stimulating Factor fGMCSF) , a trophic factor, an 

1 immunoglobulin, a natural or a synthetic derivative of a ganglioside. 
c an antiviral, an antiasthmatic, an antiinflammatory agent, an 

antibiotic and an antinycotic agent. 

: 6. The microspheres according to claim 5 wherein said 

2 pharmaceutical!*' active polypeptide is selected from the group 
"3 consisting of calcitonin, insulin. 

1 7. The microspheres according to claim 5 wherein said trophic factor, 

2 is selected from the group consisting cf: Nerve Growth Factor (h-NGF) . 
; Ciliary Neuronotrophic Growth Factor (h-CNTF). 

1 8. The microspheres according to one of claims 1-H. consisting of said 

2 biocompatible polysaccharide polymer. 
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^^•n^trflble by oral, nasal, 
Pharmaceutical expositions adainistr.ble 

,,: r ,: n£r the microspheres 
penary, vagina or rectal rout,. containing 

. of claims 1-4 and 8 as vehicling agents or carriers, 
according to one of clains 

a> least one active principle end optic:-.? .A> 
in combination viAi a. Jcast 



1 9 
2 

4 



V 



5 other conventional excipients. 

Bh rputice , compositions ad.inistrable by oral, nasal. 

1 10 Pharmaceutics* tuu, ^ vo 

* ^ to on. or a. t .. « " "" h ° thW 



excipients. 

th larB ac W Mcal compositions according to one or clai.s 9 and 
11. The phanDacfiutn-uj. ^ k 

further containing suitable 
10 in a controlled release form, further 

Allv usei for preparing controlled relef.se 
excipients normally <-sea 

pharmaceutical cooposi tions . 

u „se or — , • ° f — " ° l °" d 1 " 

„„ prisinB « bioco^^e ^,.«C.,ia. POl,." » ' ««« 

rarrier in the diagnostic field. 

,„,. I? wherein said biocompatible 
• 3 The use according to claim 1* 

1 AT . is an ester of an acidic polysaccharide, 
polysaccharide polymer is an ester 

se le~ t ed fro. the group consisting of hyaluronic acid esters. 
cross lin k ed esters of hyaluronic acid, esters of chitin. esters of 
pectin, esters of gellan. esters of alginic acid. 

„r pi.ims 12 13 wherein said esters are 
1U. The use according to one of claims l£. U 

-,e ethyl or benzyl ester of said acidic polysaccharide . 

•" 5 ^ us e according to one of claims 12-1* wherein the microspheres 

- oopriS e the partial or total benzyl ester of hyaluronic acid . 

^ Use of Microspheres having a dia.eter of between 0.1 and 1 u and 

raining a biocompatible polysaccharide poller, as a carrier in 
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3 the agio-alimentary industry. 

1 17. The use according to cl.aiiu wherein said biocompatible 

2 polysaccharide polymer is an ester of an acidic polysaccharide 

3 selected from the group consisting of hyaluronic acid esters, 

4 cross] inked esters of hyaluronic acid, esters of chitin . esters cf 

5 pectin. esters of gellan. esters of alginic acid. 

18. The use according to one of claims 16.1? wherein said esters are 
2 the ethyl or benzyl ester of said acidic polysaccharide . 

19. The use according to one of claims l6-l8 wh-?rein t^ microspheres 
comprise in the partial ester or total benzyl ester of hyaluronic acid. 

20. Use of microspheres having of between 0.1 and 1 p and comprising 
2 S biocompatible polysaccharide polymer, as carriers or vehicles of 

single genes in the preparation of pharmaceutical compositions for the 

4 treatment of diseases associated with gcnic defects. 

1 21. The use according to claim 20 wherein said diseases are the 

2 consequence of a deficit or hyperactivity of an enzyme, caused by 

3 defects in the gene encoding said enzyme. 

22. The use according to claim 20 wherein said diseases are 
malformative diseases of genetic origin and hereditary diseases. 

23. The use according to one of claims 20-22 wherein said 
biocoopatib: polysaccharide polymer is an ester of an acidic 

3 polysaccharide selected from the group consisting of hyaluronic acid 
a esters, crosslinked esters of hyaluronic acid, esters of chitin. 

5 esters of pectin, esters of gellan. esters of alginic acid. 

1 24. The use according to one of clains 20-23 wherein said esters are 

2 the ethyl or benzyl ester of said acidic polysaccharide . 

1 25. The use according to one of claims 20-24 wherein the microspheres 
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-i cotal ben/yl ester of hyaluronic ncid. 
2 comprise the partial or total Den/.y 

. , Dr oc e « for the preparation of microspheres 

1 26. A discontinuous proct— 

n i And 1 u and comprising a 
* ^-^rpr of between 0.1 ana 1 » 

2 having a diameter oi 

_ H einr the following 

3 biocompatible polysaccharide, said process co. P ii«ng 



steps : 

a) ^eWing ^ Polysacc^ae Moeo^tible P oly»*r in an apro.ic 

6 S olv ft nt at concentrations ranging from 0-1 - ^ by weight, 

r cf pn (a) in a pressure proof container 

7 b) charging the solution, of step (a) 

, , ^ at the base steel filters with an average cut- 

8 having at the top and at the 

9 off lower the.n 0.1 U'. 

..i-i-i 1 . the pressure at 
c) loading the antiaolvent fro- underneath ur.tu. 

.,, pn1 ftt ft temperature ranging fro=> 
which the fluid becot.es supercritical at a P 



10 

n 

12 25° to 60°C is reached. 



. flow of said supercritical 
13 d) removing the aprotic solvent with a flow 



14 fluid, . . 

■ ■ rhe nressure proof container, and collecting t»«. 

15 e) depressurwing the pressure v 

* precipitated product. 

n • 7fi wherein the fluid to be used 
, . 2 7 The process according to claim 26 wherein 

.,..«« selected from the group consisting 
under supercritical condition is selected 

3 of carbon dioxide, hydrofluorocarbons. 

> as. me process according to clai* 27 wherein C0 2 is charged at a 



16 



2 



3 

a container. 

«o nf claims 26-28 wherein said aprotic 
1 29 The process according to one of claims 



WO 96/29998 



FCT/Er?6/0IJ54 



- 38 - 

1 30. The process according to one of claims 26-29 wherein said 

2 biocompatible polysaccharide polymer contained in the microspheres is 

3 en ester of an acidic polysaccharide selected from the group 
a consisting of hyaluronic acid esters, cros<;l inked esters of hyaluronic 

5 acid, esters of chitin. esters of pectin. the esters of gellan. the 

6 esters of alginic aci,-. 

1 31. The process according to one of claims 26-30 wherein said ester 

2 is the ethyl or benzyl ester of said acidic polysaccharide . 

1 32. The process according to one of claims 26-31 for preparing 

2 microspheres comprising the partial ester or total benzyl ester of 

3 hyaluronic acid. 

1 ^3. The process according to one of claims 26-29 for preparing the 

2 microspheres according to claims 5-7 wherein the active principle is 

3 added in step (a), after the dissolution of the biocompatible 

4 polysaccharide polymer in the aprotic solvent. 

j 34. The process according to one of clains 26-29 for preparing the 

2 oicrospheres according to claims 5-7 wherein the microspheres from 

3 step (e). are suspended in a buffered solution containing the desired 

4 active principle at a suitable concentration in order to obtain the 

5 desired active ingredient titer/mg of microsphere, and the suspension 

6 is subjected to liophylization at the liquid nitrogen temperature. 
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MICROSPHERES COMPRISING A BIOCOMPATIBLE POLYSACCHARIDE POLYMER. A 
PROCESS FOR THEIR PREPARATION. AND THEIR USE AS VLUICLING AGENT IN THE 
PHARMACEUTICAL . DIAGNOSTIC AND AGROALIMENTARY INDUSTRY FIELD. 
ABSTRACT 

5 Microspheres. having a size lower than 1 u and comprising a 
biocompatible polysaccharide polymer, are prepared with a process 
comprising the precipitation of polymer induced by means of a 
supercritical antisolvent (SAS) . These microspheres are used as 
vehicling agents or carriers in the preparation of pharmaceutical 

10 co-positions administrate by oral, nasal, pul.onary. vaginal or 
rectal route. These .icrosphcres con also be advantageously used as 
vehicling agent or carriers in the preparation of pharmaceutical 
compositions for the treatment of human diseases associated with genie 
defects, for the preparation of diagnostics and in the agro-eliaentary 

15 industry. 
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